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Giant magnetoresistance of multiwall carbon nanotubes:
modeling the tube/ferromagnetic-electrode burying contact
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We report on the giant magnetoresistance (GMR) of multiwall carbon nanotubes with ultra small
diameters. In particular, we consider the effect of the inter-wall interactions and the lead/nanotube
coupling. Comparative studies have been performed to show that in the case when all walls are
well coupled to the electrodes, the so-called inverse GMR can appear. The tendency towards a
negative GMR depends on the inter-wall interaction and on the nanotube length. If, however, the
inner nanotubes are out of contact with one of the electrodes, the GMR remains positive even for
relatively strong inter-wall interactions regardless of the outer nanotube length. These results shed
additional light on recently reported experimental data, where an inverse GMR was found in some
multiwall carbon nanotube samples.
PACS numbers: 73.63.-b,81.07.De,85.35.Kt,85.75.-d
I. INTRODUCTION
Carbon nanotubes belong to the most promising new
materials for the future molecular electronics, they are
believed to potentially replace in the near future the
silicon-based conventional electronics. To illustrate the
enormous scientific and technological progress that has
been made since carbon nanotubes were discovered it
is worth to mention new concepts such as: the room
temperature single electron transistor,1 the ballistic car-
bon nanotube field-effect transistor2 or the non-volatile
random access memory for molecular computing.3 Re-
cently several both experimental4,5,6 and theoretical7,8,9
papers have been published on spin-dependent electri-
cal transport in ferromagnetically contacted carbon nan-
otubes in an attempt to test their ability to operate as
spintronic devices. It has been found that carbon nan-
otubes –though intrinsically nonmagnetic– reveal quite a
considerable GMR effect. However, it should be stated
in this context that the experimental results are very di-
verse, and reflect to a great extent sample-specific fea-
tures. The poor reproducibility of experiments on car-
bon nanotubes, or more generally on molecular systems,
is due to hardly controllable interface conditions between
the molecule and external electrodes. Incidentally, judg-
ing from the conductance value, this difficulty is some-
times successfully overcome but, to our knowledge, only
if nonmagnetic-electrodes are used. The examples prov-
ing this statement are numerous as far as single wall car-
bon nanotubes (SWCNTs) are concerned,2,10 and much
more seldom in the case of multiwall carbon nanotubes
(MWCNTs)11. Despite intensive studies,12,13 fundamen-
tal problems such as (i) the internal structure of nan-
otubes (especially multiwall ones), (ii) the aforemen-
tioned nature of the electrode/nanotube coupling, and
(iii) the energy band line-up at the interfaces are still far
from being well understood. Motivated by these facts,
we study a minimal geometrical model of the MWCNT,
which enables us to define in a unique way the coupling
of the MWCNT to the electrodes. Having done that,
we can restrict ourselves to the most crucial issues ad-
dressed in the present studies, namely: the inter-wall
interactions, and the effect of the breakage of the con-
tact between the inner wall and one of the transver-
sally coupled (burying) electrodes. So far tangential con-
tact geometries have been mainly studied in connection
with STM experiments.14 However in experiments with
ferromagnetic-electrodes, transition metals are usually
deposited by evaporation on top of the carbon nanotube
cutting off a segment of the latter, so that the nanotube
finds itself buried in the electrode and the contact geom-
etry can be regarded as transversal.
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FIG. 1: (Color online) View of the (2,2)@(6,6) carbon nan-
otube sandwiched between two fcc(111) leads and detail
of the contact region. What is shown consists of a few
ferromagnetic-electrode atoms with the nanotube forming the
so-called extended molecule. The other parts of the electrodes
(not shown) are infinite in all the directions.
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FIG. 2: (Color online) The total conductance for the parallel
(PA) and antiparallel (AP) alignments, as well as the GMR
vs. energy. The outer nanotube length equals that of the
inner one (Lout=Lin=41 carbon rings), the Fermi energy is
equal to EF = 0 and t = −2.66. Left panel: there are no
inter-wall interactions (tint/t = 0). Middle and right panels:
the inter-wall interactions are included, tint/t = 0.1 and 0.2,
respectively.
II. MODELING PREMISE
Our system consists of a double-wall carbon nanotube
(DWCNT) perfectly contacted to semiinfinite electrodes
having an fcc(111) geometry: every carbon atom at the
interface has exactly three nearest neighbors in the elec-
trode (see Fig. 1). Such a construction is possible in the
case of the (6,6) armchair SWCNT9 due to the almost
perfect fitting of the armchair nanotube lattice constant
(a = 2.49 A˚) to the interatomic distances at the electrode
close packed surfaces (e.g. 2.51, 2.49 and 2.55 A˚ for Co,
Ni and Cu respectively). This coincidence makes it pos-
sible to put the interface (contact) ring of carbon atoms
on top of the electrode substrate in such a manner that
all carbon atoms sit in the geometrical centers of three
adjacent electrode-atoms, and additionally the perimeter
of the contact carbon ring equals, within a few percent,
the standard value for the (6,6) SWCNT, i.e. 6
√
3a. On
geometrical grounds, the only other armchair structure
which can be constructed likewise is the (2,2) one (see
Fig. 1). So we will use it in our studies as the inner tube,
in spite of the fact that it is known to be energetically
unstable.15 As a matter of fact, since we focus here on
electrical transport properties rather than stability prob-
lems, we are convinced that the present model gives a
qualitative insight into the role of the inter-wall interac-
tion in real MWCNTs, depending on whether or not the
inner tubes are fully contacted to the electrodes. In this
very context, the present model is advantageous in view
of its small number of atoms within the unit cell, ideal
geometrical fitting to the electrode surface atoms, and
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FIG. 3: (Color online) Unlike in the previous figures, here
the inner tube is out of contact to the right electrode (see
the upper right diagram). A drastic drop in the conductance
(at EF), accompanied by a positive GMR, takes place. No
inter-wall interactions (left panel), and tint/t = 0.1 and 0.2
(middle and right panels, respectively).
its well-defined inter-wall coordination zones. The last
feature enables us to define inter-wall hopping integrals
in such a way that each inner-tube carbon atom has just
two outer-tube atoms to interact with. Thus, again no
ambiguity exists concerning the interaction range, and no
hidden cutoff parameters are needed. Fig. 1 corresponds
to an odd number of carbon rings (inverse-symmetric sys-
tem). The case of even numbers of rings makes no serious
complication9, but the drain electrode has to be rotated
by π/3 with respect to the source one if the perfect geo-
metrical matching at the drain interface is also required.
III. FORMALISM
The device under consideration is described by means
of a single-band tight-binding Hamiltonian, assuming π
and s-electrons in the double-wall carbon nanotube and
ferromagnetic-electrodes, respectively. The total Hamil-
tonian can be compactly written as
H =
∑
〈i,j〉
ti,j |i〉 〈j|+
∑
i
ǫi |i〉 〈i| , (1)
with vanishing initial on-site potentials, ǫi, in the
DWCNT, whereas in the electrodes, they are spin-
dependent and chosen so as to give the required mag-
netization. To solve the Green function problem, we use
the partitioning technique,16 treating the whole device
as a left-electrode – DWCNT – right-electrode system
(shorthand notation L-C-R). Here C stands for the cen-
tral carbon-based part, which incorporates not only the
DWCNT but also the first two closest atomic layers (with
N = 36 + 49 atoms) from both the L- and R-electrode,
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FIG. 4: (Color online) As Fig.2 but for 40 carbon rings in
each nanotube.
implementing the extended molecule concept (as shown
in Fig. 1). The Green function of the extended molecule
reads
G = (E −HC − ΣL − ΣR)−1 , (2)
whereas the density matrix and the conductance (per
spin) are given by:
n =
1
2π
∫
dE G (fLΓL + fRΓR)G
†, (3)
G = e
2
h
Tr
{
ΓL G ΓR G
†
}
, (4)
with Γα = i(Σα − Σ†α), Σα = VC,α gα V †C,α and fα
being the Fermi-Dirac distribution function (α = L,
R). The α-th electrode surface Green function, gα, is
calculated as described in Ref. 17. While back Fourier
transforming to the real space, the integration over the
two-dimensional Brillouin zone has been performed by
the special-k-points method.18 The giant magnetoresis-
tance is defined as GMR= (G↑,↑ − G↑,↓)/G↑,↑, where the
arrows denote the aligned and antialigned magnetic con-
figuration. To parameterize the Hamiltonian, we have
put the polarization of the electrodes equal to 50% (with
the number of electrons per atom being 0.75 and 0.25 for
majority and minority bands, respectively). The energy
scale is given by the hopping integral |t| = 2.66 eV and
the nanotube lattice constant is a = 2.49 A˚, fixing the
energy and length units, respectively. In order to mini-
mize the number of free parameters the nearest neighbor
hopping integral is kept constant in the entire device. As
regards the inter-tube interaction we treat the hopping
integral as a free parameter of the order of tint ∼ t/10
(as for the interlayer distance in graphite19), although in
general tint depends exponentially on distance and also
on angles between the π orbitals of the involved atoms.20
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FIG. 5: (Color online) The conductance in the case of
paramagnetic-electrodes. The breakage of the inner-tube con-
tact to one of the electrodes results in a drastic drop of the
conductance (the lower curves). The inter-wall hopping in-
tegrals, tint/t, are equal to 0, 0.1 and 0.2 (solid, dashed and
dotted curves, respectively).
It should be also admitted that another complexity, not
captured by our simple structural model (two armchair
tubes), is a possible additional off-diagonal disorder due
to incommensurability between shells (cf. Ref. 21).
IV. RESULTS
Our energy band line-up procedure goes as follows: First,
EF is fixed at 0, next the on-site potentials in the elec-
trodes are set so as to yield the required number of elec-
trons per atom (n = 1) and magnetic moment (0.5 and
0 in the ferromagnetic and paramagnetic cases, respec-
tively). The so-determined Fermi energy is kept fixed
at the charge neutrality point and no doping effects are
taken into account. Finally, all the on-site potentials
within the extended molecule are self-consistently com-
puted from the global charge neutrality condition and
from Eq. (3). Rather than restrict ourselves to the Fermi
energy, we present our results in an energy window, ac-
cessible e.g. by applying a gate potential (see e.g Ref. 22).
We have first considered a perfectly contacted case, when
both walls are in touch with the source and drain elec-
trodes. The results, presented in Fig. 2, show that for
the MWCNT length equal to 20.5a (41 carbon rings) the
GMR is negative regardless of whether inter-wall interac-
tions are included or not. Next, the inner tube has been
allowed to be out of contact to, say, the drain electrode,
see Fig. 3. It turns out that then, not only the conduc-
tance of the whole system decreases roughly twice, but
also the GMR becomes positive. The effect of the inter-
wall interactions is moderate (at least up to tint/t = 0.1),
they happen to increase the conductance, always keeping
4the GMR positive. The inverse GMR effect in the case
of full end-contacted nanotubes, and tint/t not exceeding
a length-dependent threshold value, has been also found
for the nanotube lengths of 40- and 39-rings, and is de-
picted in Fig. 4 for N=40. As it is seen, the GMR is
now far less robust than for N=41. Judging from the
conductance behavior at EF for 3 consecutive nanotube
lengths, one can anticipate what happens for an arbi-
trary length, because the conductance is a quasi-periodic
function with a period equal to 3-rings spacing. Thus,
for DWCNTs which are 3N − 1 rings long we predict a
quite pronounced negative GMR effect (N is an integer).
The 3N − 1 length rule (in a/2 units) was numerically
found8,9, with these lengths an ideal nanotube has got
maximum conductance (”on-resonance device”). Disor-
der at the interfaces makes the maximum of the conduc-
tance shift beyond EF, but the quasi-periodicity is still
preserved. The aforementioned quasi-periodicity origi-
nates from the fact that ideally the SWCNT armchair
energy spectrum crosses the [k = 2π/(3a), E = 0]-point
for particular lengths only, and additionally conductance
is a measure of the squared electron wave function.
As a test illustrating the quality of the present approach,
we have completed our studies by additional computa-
tions for DWCNTs sandwiched between paramagnetic
electrodes with the same number of electrons per lat-
tice site (n = 1) as in the ferromagnetic calculations.
Our attention has been again focused both on the effect
of the inner nanotube contact to one of the electrodes,
and the importance of the inter-wall interactions. The
latter are now allowed to take values up to tint/t = 0.2.
Fig. 5 shows that the conductance in the vicinity of EF
does not reach the maximum theoretical value of 8e2/h
for a DWCNT (4e2/h contribution for every wall ob-
tained for infinite MWCNTs). The conductance sup-
pression in MWCNTs below the expected value for the
infinite homogeneous tube has been experimentally well
documented.11,23 In our model system charge-transfer in-
duced changes in the band structure of the DWCNT lead
to a reduction (roughly to 4e2/h) of the conductance -as
one can see in the upper curves in Fig. 5. This finding is
in line with the well-known scenario, that the reduction of
the conductance is due to the interface-induced suppres-
sion of one of the two transport channels.12 Obviously, if
a finite armchair nanotube is contacted to external elec-
trodes it can no longer be viewed as a periodic one with
the repeat unit consisting of two carbon rings, so the
band degeneracy is lifted and the two channels couple
very differently to their counterparts in the leads. It is
noteworthy that recent ab initio results on single wall
carbon nanotubes end-contacted to paramagnetic elec-
trodes also show that the interface mismatch may result
in roughly halving the conductance.24
The lower part of Fig. 5 shows the effect of the inner-
tube contact breakage. The conductance gets reduced by
a factor close to two, very much like in the ferromagnetic
computations. More importantly however, this behavior
is in qualitative agreement with experimental results11,23
if we associate the lower and upper bunch of curves in
Fig. 5 with the major plateaux of the conductance of
MWCNT immersed into Hg. Incidentally, the peculiar
peak in Fig. 5 more than 0.15 |t| (ca. 0.4 eV) away from
the charge neutrality point, is due to model-specific fea-
tures of no universal nature.
Both the GMR and the conductance are oscillatory, non-
monotonic functions of the inter-wall coupling, and reveal
a quasi-periodic behaviour with the DWCNT length. It
is also noteworthy that the conductances in the ferro-
magnetic case are always clearly smaller (regardless of
the electrode magnetization alignment) than their para-
magnetic counterparts. We attribute this behavior to the
increased energy band mismatch at the interfaces in the
ferromagnetic case.
V. CONCLUSIONS
In conclusion, we have investigated the effect of inter-
wall interactions on the giant magnetoresistance of dou-
ble wall carbon nanotubes, depending on whether or not
the inner wall is fully contacted to the electrodes. We
have found that the GMR of perfectly contacted DWC-
NTs is very sensitive to the inter-wall coupling strength,
and show a tendency to become negative. On the con-
trary, DWCNTs with inner tubes being out of contact
with one of the electrodes reveal (close to the Fermi
energy) a robust positive GMR only weakly dependent
on the inter-wall coupling. These observations may be
related to the experimental results showing either posi-
tive or negative (sample-dependent) GMR of compara-
ble value (∼ 30%),5 as well as recently reported negative
GMR values in MWCNTs strongly contacted to permal-
loy electrodes.6 Moreover, our complementary calcula-
tions for the case with paramagnetic electrodes show that
the conductance of the perfectly contacted DWCNT is
suppressed by a factor two with respect to the case of a
homogeneous infinite DWCNT (that is 4e2/h instead of
8e2/h). Consequently, for the case in which the inner wall
gets disconnected, we observe conductance values close
to 2e2/h instead of 4e2/h. This is related to the charge
transfer induced energy band rearrangements in the ex-
tended molecule. The present approach may be regarded
as a reference for further generalizations. The diameters
and the number of walls forming the MWCNT may be
easily increased and the respective stable positions of the
interface atoms can be readily determined by a simple
relaxation procedure involving just a few variational pa-
rameters (displacements and rotations).
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